Abstract-We have obtained. sintered ferrite with almost-complete shape and high dimensional accuracy by adding metallic Fe, NiO, ZnO, and CuO to Ni-Zn-Cu series ferrite. To confer this non-shrinking property on ferrite. we controlled its shrinkage during the sintering process. utilizing the expansion caused by the oxidation and complex chemical reaction of densely mixed-in metallic Fe. NiO. ZnO. and CuO. The new non-shrinking ferrite is of single-phase. high-density sintered type with an extremely low expansion/shrinkage coefficient during the sintering process of 0 -0.5 ". Its magnetic characteristics and mechanical strength are virtually identical to those of conventional sintered ferrite.
Introduction
Ni-Zn-Cu series ferrite, widely used for inductive components in electric circuits, must be high-density because it requires high initial permeability. This highdensity samples are usually obtained after a shrinkage of 15 to 20 " during the sintering process. This shrinkage. however. often results in sintering deformation and most core components. which have complicated shapes and require high dimensional accuracy. must be machined after sintering. The purpose of this study is to realize a ferrite material which. by suppressing its shrinkage. does not deform during the sintering process. We have obtained such non-shrinking ferrite material with almost the same characteristics as conventional ferrite material by designing the powder particle size to consist of base ferrite powder and a highly dispersed mixture of metallic Fe. NiO. ZnO. and CuD. as shown in Fig. 2 . This controls ferrite shrinkage utilizing the oxidation and combination . of metallic Fe. NiO. ZnO, and CuO. By mixing metallic Fe, NiO. ZnO, and CuD into the preparatory powder as filler according to the basic composition. a compound material was obtained. Table 1 shows the average particle size of each powder component constituting the compound material. After particles were made by adding 5 wt.% of PVA as binder to the compound powder. a toroidal piece (outer diameter: 14.4 mm, inner diameter: 10.4 mm. thickness: 3.5 mm) was formed under 3 tonsl cm 2 pressure. The piece was then sintered in air at 1200-1250°C for 2 hours. The initial permeability, Il. of the processed toroidal piece was calculated from the inductance measured at 1 kHz using an LCR meter (HP 4285A). Flux density was measured in an 800 kA/m magnetic field with a vibration magnetometer (VSM). The microstructure of the piece was observed using SEM. The thermal expansion change were measured using TMA. 
Results and Discussion

Improvement in Compacted body's Density
To realize low sintering shrinkage in high-density ferrite. it is essential to improve the density of the compacted bodies. Since the density of the compacted bodies contribute significantly to the powder filling ratio. we employed a preparatory ferrite sintering powder which is capable of high-density filling. and examined the porosity of the compacted bodies with different proportions of filler mixed into the preparatory sintering powder. The results are shown in Fig.2 . The porosity first decreases as the mixing ratio of filler increases and subsequently begins to increase after passing a minimum point. The minimum point is around 28-30 wt " of mixing ratio. A comparison with the relative density line of the sintered piece indicates that the most dense sintered product should be obtained when the mixing ratio is about 28-30 wt " depending on the porosity of the compacted bodies. Fig.4 shows an X-ray diffraction diagram of the compacted bodies made from ferrite preparatory sintering powder and metallic Fe. NiO. ZnO. and CuO taken at several temperatures during the sintering process. The intensity representing metallic Fe decreases between room temperature and 800°C and disappears at 1ooo°C. This coincides with the TO-DT A results shown in Fig. 6 . The faint peak of Fe203 observed at 800°C. which was not seen at 400°C. indicates that metallic Fe has oxidized into Fe 2 0 3 • The ZnO peak can be seen up to 1oo0°C. At 12oo°C. there is no peak other than ferrite. which means the samples consists of single-phase. 5 shows the dimensional changes in the compacted bodies . made by mixing ferrite preparatory sintering powder and filler measured with TMA during the sintering process. In the case of ferrite powder without filler. a dimensional decrease due to sintering was recognized from about 800°C. After the completion of sintering at 12OO°C. shrinkage of the compacted bodies were approximately 17 ". On the other hand. the compacted bodies with filler exhibited no sintering shrinkage at about 800°C. producing a near-net-shape sintered piece (non-shrinking ferrite). which unchanged its dimensions during either the ascending or descending temperature slope. The expansion coefficient of non-shrinking ferrite in heating! cooling was 1 *1 OE-05. which was equal to that of ferrite powder itself. Fig.6 shows the measured rate of dimensional change on sintering; initial permeability; and mechanical strength vs. filler content ratio. When the dimensional change is nearly equal to zero, initial permeability and mechanical strength show maximum values of 600 and 370 N respectively. The more the piece expands during sintering, the greater the loss of initial permeability and mechanical strength. This result is due to the decrease in the density of the sintered bodies, because the expansion coefficient of the filler due to oxidation and complex chemical reactions more than compensates for the porosity of sintered bodies. 
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